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while	 the	 Section	 Leader	 was	 investigating.	 Because	 his	 visor	 was	
raised,	 he	 sustained	 severe	 injuries	 to	 his	 right	 eye.	 The	 Board	 of	










Severe eye injuries occur in 30 percent of demining accidents.1 Visors are known to be effective 
personal protective equipment when worn properly, but deminers often lift or remove their visors 
because scratches, glare or fog make them hard to see through, or because they are hot, heavy and 
uncomfortable to wear.2 Addressing each of these specific design problems could increase visor use 
and prevent a significant number of debilitating injuries. This paper presents methods for preventing 





the	 demining	 field	 to	 experiment	 with	 our	 procedures	 and	 make	
informed	decisions	 about	whether	 the	methods	described	 can	help	
increase	 the	 effectiveness,	 ease	of	use	 and	 longevity	of	 visors.	This	
paper	focuses	on	two	methods	for	improving	and	maintaining	visor	
clarity.	The	first	 is	 to	 repair	 scratches	 in	 the	visors	using	a	heating	
process,	and	the	second	is	to	use	a	protective	roll	bar	to	prevent	abra-
sive	objects	 from	 scratching	 the	 visor.	Even	with	 increased	 longev-
ity,	visors	need	 to	be	 replaced	 regularly,	 regardless	of	whether	 they	
















ing.	 Smaller	 scratches—those	 that	 can	 be	
removed	 with	 a	 heat	 gun	 in	 less	 than	 10	
seconds—can	be	cleared	without	drying	 if	
done	carefully.	Attempting	to	remove	larger	
scratches	 in	 undried	 plastic	 almost	 always	
leads	to	bubbles	forming.	
The	 following	 process	 to	 repair	 a	 heav-
ily	scratched	polycarbonate	shield	may	need	
to	 be	 adjusted	 for	 different	 visors,	 equip-
ment	 or	 environmental	 conditions.	 In	 any	
case,	 experimentation	 with	 scrap	 materials	
is	advisable.
Wash the shield. After	disassembling	a	
visor,	 wash	 the	 shield	 with	 a	 drop	 of	 non-
abrasive,	 liquid	 dish	 soap	 applied	 with	 the	
fingertips.	 Rinse	 the	 shield	 until	 the	 soap	
and	 any	debris	 are	 removed.	Pat	 the	 shield	
dry	with	 clean	 cloth.	Washing	 is	necessary	
to	 remove	 dirt	 marks,	 which	 an	 operator	
can	 mistake	 for	 scratches	 in	 the	 removal	




Dry the shield in an oven. This	step	is	
optional	 for	 removing	 light	 scratches	 and	
haze,	but	must	be	used	to	prevent	bubbling	
in	the	plastic	 if	medium	or	heavy	scratches	
are	 to	be	 removed.	Preheat	an	oven	 to	120	
C	 (250	 F)	 for	 a	 five-millimeter-	 (quarter	
inch-)	 thick	 shield.	 Place	 the	 shield	 in	 the	
oven	without	allowing	the	optical	surface	to	
touch	the	rack.	Dry	the	shield	for	24	hours.	
The	 drying	 time	 is	 a	 function	 of	 material	
thickness	 and	 must	 be	 obtained	 from	 the	
materials	 supplier	 or	 through	 experimen-
tation.	 Instructions	 for	 drying	 different	
grades	 and	 shapes	 of	 plastic	 are	 available	
from	 plastic	 materials	 suppliers.6	 A	 five-
millimeter-thick	dried	shield	can	be	stored	
for	 up	 to	 24	 hours	 in	 moderately	 humid	
conditions	(50	to	60	percent	humidity)	and	
still	be	treated	effectively.
Cool the shield. Remove	 the	 shield	
from	the	drying	oven	and	let	it	cool	for	20	
to	30	minutes	until	cold	to	the	touch.	The	
intermediate	 cooling	 step	 is	 necessary	 to	
avoid	 heat	 buildup	 during	 the	 scratch	 re-
moval	 step,	which	 can	 lead	 to	overheating	
and	damage.	
Position the shield. Hold	 the	 shield	




from	 behind.	 However,	 an	 operator	 must	
be	careful	 to	not	mistakenly	 try	 to	 remove	
a	 scratch	 that	 is	 visible	 through	 the	plastic	
from	the	back	of	the	shield.
Remove the scratches. With	 the	other	





so	 that	 heat	 does	 not	 build	 up	 in	 any	 one	
location.	As	soon	as	the	scratches	disappear	
from	one	 location,	move	 to	a	new	 location	
and	 continue	 until	 all	 small-	 to	 medium-
sized	scratches	are	removed	(see	Figure	3a).	
Dwelling	with	 the	gun	 in	one	 location	 for	
10	seconds	or	more	on	undried	plastic	will	
There	are	a	number	of	well-known	meth-
ods	 for	 polishing	 polycarbonate	 surfaces.	
These	include	wet	or	dry	sanding,	buffing,	










Several	 polishing	 techniques	 that	 me-
chanically	 contact	 a	 surface	 were	 tried	 in-




Solvent	 polishing	 requires	 the	 use	 of	
chemicals	 that	 soften	 the	 plastic’s	 surface.	
Most	 of	 these	 techniques	 were	 eliminated	
from	 consideration	 due	 to	 the	 difficulties	
associated	with	 the	chemicals	 involved,	 in-
cluding	 significant	 health	 and	 safety	 haz-
ards,	 such	 as	 those	 associated	 with	 using	
methylene	 chloride	 for	 vapor	 polishing.4	
Nevertheless,	we	did	 experiment	with	dip-
ping	polycarbonate	samples	in	acetone.	This	
technique	 removed	 fine	 scratches	 from	 the	
samples	 but	 made	 fluid	 flow	 marks	 that	
would	distort	vision.
Heat-polishing	proved	to	be	effective	at	























Polycarbonate	 absorbs	 a	 small	 amount	
of	 moisture	 (typically	 0.1	 to	 0.35	 percent	
by	weight),	which	 results	 in	bubbles	 form-
ing	in	the	polycarbonate	when	it	is	heated	to	
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cause	 it	 to	 bubble	 (see	 Figure	 3b).	 Dried	 plastic	 will	
not	bubble,	but	it	will	get	soft	enough	to	distort	and	
create	 a	 wavy	 surface.	 Waves	 create	 an	 undesirable	
lens	 effect	 that	 significantly	 distorts	 the	 image	 seen	
through	a	shield.





be	difficult	 to	find	ovens	 in	 some	 areas	 large	 enough	








To	 verify	 the	 process,	 a	 sample	 visor	 was	 heavily	
scratched	and	then	treated	using	the	full	set	of	steps	in-
cluding	pre-drying.	The	scratches	were	created	by	rub-





clear	 state	 comparable	 to	 a	 new	 visor	 with	 only	 a	 few	
large	scratches	remaining.
Clearing	 small	 scratches	and	haze	 from	an	undried	
visor	did	not	create	any	additional	stress	concentrations	
in	the	treated	shield,	which	were	visualized	using	sheets	





(PVT)	 Ltd.,7	 the	 maker	 of	 the	 visor,	 is	 subjecting	 the	
treated	shield	to	a	V50	ballistic	test.	A	possible	solution	
















The	alternative	 to	 repairing	 scratched	visors	 is	protecting	 the	polycarbonate	
from	 scratching.	A	natural	way	 to	 remove	 a	 visor	during	 a	break	or	 at	 the	 end	
of	the	day	is	to	place	it	face	down	on	the	ground,	yet	this	repeated	action	could	























removed,	doubling	 the	 life	of	 the	visor.	However,	 this	method	 introduces	extra	
material	 through	 which	 the	 deminer	 has	 to	 see.	 Sacrificial	 layers	 are	 especially	




roll	 bar	 reduces	 scratching	 on	 any	 optical	
surface,	 whereas	 the	 sacrificial	 layer	 col-
lects	 the	 scratches	on	a	disposable	 surface.	
Legs	protruding	from	the	sides	of	the	visor	
have	 also	 been	 implemented	 in	 the	 past.	
However,	 the	 roll	 bar	 offers	 a	 protective	
geometry	for	a	wider	range	of	surfaces	and	
situations	than	legs.
MIT “Design for Demining”
The	 research	 on	 this	 project	 was	 con-
ducted	 in	 the	 “Design	 for	 Demining”	
class	 taught	 at	 the	 Massachusetts	 Institute	
of	 Technology.10	 The	 primary	 goals	 of	 the	













































































and	 deploy	 products	 that	 are	 appropriate	
for	 the	 demining	 community.	 When	 the	




sible.	 Giving	 away	 intellectual	 property	 is	
a	 fast	 and	 effective	 alternative	 to	 the	 more	
conventional	 route	of	patenting	and	selling	
an	invention.
We would like to thank the National 
Collegiate Inventors and Innovators Alliance, 
the MIT Public Service Center and MIT 
Edgerton Center for funding the class, Trevor 
Thomson of Security Devices Ltd. for supplying 
visors, Andy Smith for technical advice, and 
the other MIT demining students that worked 
on visors—Harmeet Gill, Anna Bautista, 
Bryn Jones, Jeremy Wallach and Amy Smith.









Figure	 5:	 Viewing	 the	 treated	 visor	 in	 polarized	
light	shows	that	clearing	light	scratches	from	the	
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